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SHUTTLE TEST AND OPERATIONS APPROACH
W. F. Edson
North American Rockwell Corporation 
Downey, California
I. ABSTRACT
The Shuttle Program presently under development is 
one which challenges our ingenuity. In its infancy 
we see that old and tried test techniques and 
approaches may no longer "be valid and that in order 
to meet program goals of minimum cost and high 
reliability, new test and operation plans and 
methods must be conceived. This paper presents an 
over view of the Space Shuttle Test and Operations 
Program. I will briefly touch on today's test/ 
operations requirements, the concept under which 
they have been developed and their implementation. 
Several of the concepts presented are a direct 
result of our Phase B Shuttle Study and are 
presently under program consideration.
The Space Shuttle Program embodies design, produc- 
tion, test, operations and support attributes and/ 
or problems of both the aircraft and the missile. 
The operational concept is particularly unique in 
that a small number of recoverable flight vehicles 
operating in both the vertical and horizontal flight 
modes will be deployed to or from one primary 
operation site. For these and other reasons, the 
Shuttle Program presents unusual opportunities for 
development and implementation of an efficient and 
cost effective ground and flight test approach 
based on sound test and operational criteria.
II. PROGRAM OBJECTIVE
The objective of the Space Shuttle Program is to 
provide a low-cost space transportation system for 
placing and retrieving payloads in earth orbit. 
The first manned orbital flight is scheduled for 
April 1978. To achieve this goal, a reusable space 
shuttle system capable of a rapid turnaround, 
airline-type ground operation has been defined, 
satisfying as a minimum three basic missions: (l) 
100-nautical-mile due-east circular orbit originat- 
ing from a latitude of 28.5 degrees north, (2) a 
55-degree inclination, 270-nautical mile earth orbit, 
and (3) a 100-nautical mile south polar circular 
orbit.
To accomplish these missions, a two-stage launch 
vehicle (Figure l) has been defined, which is 
capable of delivering into orbit one stage with 
its payload. Each stage is capable of atmospheric 
entry and return to a designated landing site. The 
vehicle features moderate acceleration levels, a 
shirtsleeve cabin environment and quick turnaround 
capability. Operational facilities and system
support equipment complement the flight vehicle.
The booster and the orbiter are reusable delta- 
wing vehicles. The booster is equipped with 12 
main rocket engines, an attitude control propulsion 
system, an external heat shield to withstand the 
temperatures of boost and suborbital entry, and 
deployable airbreathing engines for cruising back 
to the launch site. The orbiter is equipped with 
two main rocket engines, orbital maneuvering 
rocket engines, an attitude control propulsion 
system, an external thermal protection system to 
withstand the temperatures of the boost and orbital 
entry, and deployable airbreathing engines installed 
for specific missions. The operations facility will 
provide for preflight readiness checkout, payload 
installation, and launch control, as well as 
primary landing site and facilities for vehicle 
turnaround maintenance and necessary servicing. 
Shuttle support equipment includes all equipment 
required to check out, service, handle, and launch 
the flight vehicles.
The significant elements of these missions, as 
shown in Figure 2, are ground operations, launch, 
and staging of the two vehicles. After staging, 
the first stage (booster) returns to the launch 
area while the second stage (orbiter) attains the 
prescribed insertion orbit. The second stage 
(Orbiter) then delivers or retrieves its payload, 
enters the atmosphere, acquires the landing site, 
and completes the approach and landing. Safing 
operations are completed on each vehicle at the 
landing area preparatory to the turnaround cycle 
ground operations. Subsequent to payload install- 
ation in the orbiter, the orbiter is mated with 
the booster, and the mated system is made 
operationally ready and transported to the launch 
area for a new mission.
III. TEST PROGRAM SUMMARY
TEST PROGRAM
The overall objectives of the test program are 
(l) to assist in developing design concepts, (2) 
to certify and verify by ground test and by flight 
test as required, and (3) to provide data for 
space" shuttle vehicle, support equipment, and 
software acceptance.
The philosophy and criteria for testing requires 
making maximum use of the experience gained on 
previous programs, expanding that knowledge through
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analysis, combining qualification with development 
testing where practical, and reducing or eliminating 
any redundant testing in the checkout of deliverable 
hardware. This must be accomplished without 
compromising the performance capability of the 
delivered end items.
The space shuttle test program is designed to be 
cost effective, taking advantage of the following: 
(1) commonality of design to minimize duplication 
of orbiter/booster testing, (2) subsystem redundancy 
to minimize downtime during test, and (3) operational 
vehicle adaptability for use during the flight test 
program. Cost effectiveness is further enhanced by 
using aircraft and space vehicle experience to 
eliminate or reduce the number of tests required 
without compromising confidence.
TEST LOGIC AND SCHEDULES
The test program logic and constraint sequence is 
shown in Figure 3. Subsystem development, qual- 
ification, and acceptance testing will be conducted 
at the component through subsystem level utilizing 
breadboard setups with prototype through production 
hardware. Combined subsystem testing (such as 
cluster static firing) will be performed to integrate 
the total subsystem and any critical interfaces with 
other subsystems.
All subsystems will be certified flightworthy before 
first flight use. Integration of installed sub- 
systems will be accomplished during combined 
subsystem test and on the first flight test vehicle. 
For those subsystems operable in the assembly and 
checkout plant, integration tests will be performed 
concurrently with the acceptance tests, whereas 
the APU, fuel cell, jet engine, and other flight- 
line-operated subsystems will be integrated 
concurrently with the post checkout and preflight 
operations. Taxi, deceleration, and ground handl- 
ing checks will be included as part of the preflight 
tests, along with jet engine, fuel cell, and 
auxiliary power unit tests. Conventional aircraft 
type horizontal flight testing over the subsonic 
flight envelope will follow the first orbiter and 
booster vehicles detail preflight tests.
The second flight test vehicle will complement the 
first by performing a short program of horizontal 
subsonic testing. A static firing will precede 
the first manned mated (orbiter/booster) orbital 
launch. All orbiters and boosters will be static- 
fired once, prior to their first mated orbital 
flight.
By means of a series of flights, the orbital flight 
test program will verify the operational capability 
of the vehicle, including its maximum cross range. 
Each of the flight test vehicles (orbiter and 
booster) will be reconfigured and included in the 
operational inventory after completion of their 
respective roles in the flight test program.
IV. TEST PHILOSOPHY AND CRITERIA
OVERALL TEST PROGRAM
The test philosophy for the space shuttle program 
embodies a set of ground rules and criteria
designed to accomplish the following:
1. Provide a basis on which test logic and a test 
program may be developed to meet the program 
objectives of low cost, flexibility, reliability, 
maintainability, and safety.
2. Assist in formulating and evaluating design 
requirements as well as test, checkout, and 
operational requirements.
The objective of these criteria is to attain the 
required confidence at each testing level with 
the minimum expenditure of test hardware and 
within cost and schedule constraints. AchieveT 
ment of this goal will require the rigorous 
evaluation of each design requirement as it 
relates to test requirements and test program 
phasing. Redundant testing, and the resulting 
proliferation of test hardware and facilities,will 
be eliminated through precise phasing to obtain 
optimum utilization and maximum test requirements 
integration. Multiple-purpose test hardware will 
be used where feasible, and will be identified 
early to permit consideration of any special 
configuration requirements during the design phase.
The test philosophy will accommodate various major 
test categories which have inherently different 
disciplines and emphasis. For instance, develop- 
ment tests require a highly flexible approach so 
that systems configurations and operating or 
checkout procedures may be optimized during the 
process. Acceptance tests require rigorous 
application of controls to ensure that all elements 
of the space shuttle system, including software, 
procedures, and support equipment meet established 
requirements.
The philosophy and criteria outlined have been 
developed to allow maximum use of all test data 
to satisfy certification requirements. Their 
aim is to establish an integrated test program 
which will accomplish the basic objective of 
achieving adequate confidence at minimum cost. 
Significant elements of the philosophy and 
criteria are outlined below:
1. Test requirements will be structured to identify 
and accumulate data for key components and 
subsystem parameters throughout all phases 
of testing. These data will be used in check- 
out procedure development, trend establishment, 
and anomaly resolution.
2. All certification and acceptance requirements 
will be traceable to the CEI and/or system 
specifications.
3. Functional criticality will be the basis for 
relating vehicle hardware and test rigors 
(i.e., items with category of functional 
Criticality I will require qualification 
testing). NOTE: See definition of 
criticality on page h .
U. A test logic and constraint network will be 
used for tracking and control of the test 
programs.
5. The test approach will be based upon past 
aircraft, spacecraft, and booster experience 
in order to achieve a cost-effective program.
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6. The initial flight test program will demonstrate 
aspects which will include, but not be limited 
to^ the following:
a. Subsystem operation and performance 
b. Ferry capability
c. Launch, separation, orbit, entry, transi- 
tion, and landing
d. Maintainability and ground turnaround 
e. Software
7. Final flight test orbital launches will
demonstrate the capability to meet interface 
requirements with other program elements.
8. All flight tests will be manned operations.
9. The first flight test vehicle will be capable
of being configured for use as a fully operation- 
al flight vehicle. Subsequent orbiter and 
booster vehicles will have full operational 
configuration.
10. Crew safety criteria for the flight test 
program will include provisions for crew 
escape.
11. Flight test instrumentation will be capable of 
being installed and removed without significant- 
ly impacting the onboard checkout system and 
data acquisition systems, or without causing 
extensive rework to put the vehicle in final 
operational configuration.
12. Test equipment, checkout procedures, and data 
accumulation will be standardized where 
practical throughout all phases of testing for 
the orbiter and booster. The onboard checkout 
capability will be utilized to the maximum 
extent practical.
13. Deliverable support equipment will be used in 
the test program at the earliest cost effective 
time; this includes support of airborne equip- 
ment development where practical.
lU. A data base with an accompanying retrieval 
system will be available for engineering 
evaluation of subsystem performance, and will 
provide a basis for certification for flight.
15. Special testing for reliability data and
performance confidence will be by exception 
only; the data will be obtained by recording 
operating time and failure trends data through- 
out the development, qualification, acceptance, 
flight, and operational phases of the program 
and will be retained in the data base.
16. Repetitive testing will be minimized throughout 
the test cycle,, from vendor manufacturing 
through delivery of end items to the final 
customer.
17. The tolerance band for requirements will be 
most stringent (narrow) at the level of 
acceptance testing for manufacturer's components, 
or subsystems in order to assure a good screen 
for workmanship. The tolerance band will be 
expanded for vehicle checkout and flight testing 
according to the degree that hardware contributes 
to total system tolerance limits. Subsequently, 
the tolerance limits will be expanded, based on
flight test and other use experience, for 
the operational vehicle.
18. Maximum use will be made of existing contractor 
and government test facilities where practical 
and cost effective.
19. Interchangeability of orbiters or boosters
will be maintained such that any orbiter will 
be capable of mating with any booster.
V. TEST APPROACH AND RATIONALE
The scope of the test program is determined 
primarily by test requirements, whereas the 
approach and rationale are shaped by test 
philosophy and criteria. This section describes, 
in general terms, the approach and rationale for 
the overall test program and, in more detail, the 
mated orbiter/booster test activities.
OVERALL TEST PROGRAM
When compared with previous space programs, the 
space shuttle test program has (l) combined 
tasks to eliminate the need for several of the 
major test articles; (2) designed to minimize the 
requirements for development testing; (3) 
approached qualification on the basis of functional 
criticality of hardware; (U) minimized duplication 
of support equipment; (5) minimized pre-installa- 
tion testing; and (6) selected an adequate but 
minimal flight test program.
Dual use of vehicles to satisfy development test 
program requirements and later operational require- 
ments will eliminate the need for dedicated test 
vehicles for cluster static firing, facility fit 
checks, integration of the installed subsystems, 
and flight testing.
The cluster static-firing vehicles are potentially 
operational vehicles with limited subsystems 
installed to satisfy certification testing require- 
ments . In addition to the primary purpose of 
main propulsion subsystem integration and inter- 
facing of the main propulsion with support 
structure, power, control, and instrumentation 
subsystems, the test vehicle interfaces and 
demonstrates functional compatibility with the 
operational ground support equipment and 
facilities.
Launch facility interface verification checks 
will be performed initially using the cluster 
static firing vehicles. These checks will be 
supplemented later by a demonstration of the 
fully configured orbiter and booster in the mated 
configuration. A dedicated fit check vehicle will 
not be required.
Installed subsystem integration tests will also be 
performed using a flight test vehicle. The first 
orbiter and booster test vehicles will provide a 
means for end-to-end checks on the total vehicle. 
Previous combined subsystem tests of the avionics 
and propulsion subsystems, in conjunction with 
subsystem level tests of hydraulics, ECLSS, and 
deployment mechanisms, will provide the assurance 
that major discrepancies will not be uncovered
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for the first time on the flight test vehicle 
during these integrated subsystem tests.
The flight test vehicles -will be reconfigured and 
reassigned to the operational inventory upon 
completion of the flight test program.
Selection of previously developed hardware and 
employment of proven concepts will further enhance 
the cost effectiveness of the test program by 
minimizing development testing. This is particular- 
ly applicable to landing gear, hydraulics, 
environmental control and life support, communica- 
tions, and other avionics subsystems. Selection of 
common components for use on the orbiter and booster 
or common support equipment will further reduce the 
development test requirements.
Qualification, testing will be required on all 
Functional Critical!ty I items (those items, the 
functional capability of which could be lost as a 
result of a single stress or environment, and 
upon which the safety of the crew or vehicle 
depends), Certification of Functional Criticality 
II items is presently planned to be accomplished by 
the accumulation of test data from development 
tests, acceptance, and other .areas of checkout. 
Functional Criticality II includes those items, the 
loss of which could cause the launch to be delayed, 
the mission safely terminated, or primary or 
secondary objectives lost. Limiting qualification 
testing to Functional Criticality I and only 
selected items of Functional Criticality II with 
management .approval will minimize the qualification 
program without introducing hazards to the crew or 
vehicle.
Test program documentation will consist of plans, 
procedures, and reports. Certification, flight 
verification, and acceptance requirements will be 
delineated in the shuttle system end item specifica- 
tions. These requirements, combined with failure 
mode and effects analysis and functional criticality 
level of hardware definition are the primary 
factors in establishing the test logic and constraint 
networks. The certification and flight verifica- 
tion plans will incorporate these networks, the 
justification for analysis or test, and the 
rationale for the hardware level selected for those 
tests. Test plans will define the approach and 
rationale for implementing the tests. They are 
tiered in a test plan tree covering the entire 
shuttle system (orbiter, booster, support equipment, 
and software).
All development, qualification, and acceptance 
tests and checkout will be performed to standardized 
test and checkout procedures prepared in consonance 
with quality assurance and safety ground rules. 
Quick-look and engineering-analysis reports will be 
prepared on all development tests and those qualifi- 
cation tests where anomalies occur. Final reports 
will be prepared on development and qualification 
testing of (l) subsystems, (2) major combined sub- 
systems, and (3) flight testing.
A data base will be compiled for ready retrieval of 
test data. The base will include test article 
configuration, test results, reliability data, and
any anomalies which may have occurred during test.
Process and procurement specifications will contain 
the requirements for acceptance of components and 
subassemblies. Orbiter, booster, and other end 
items (support equipment and software) will be 
accepted according to test procedures, which when 
approved will become a part of the customer 
acceptance data package. Services and support 
agreements and/or program requirement documents 
will be prepared delineating all base and range 
support for the horizontal and vertical flight 
test programs. Prior to use of checkout stations 
at the test sites, the facilities with support 
equipment installed will be verified by site 
certification checkout procedures.
Manufacturing checkout is comprised of in-process 
and acceptance checkout functions starting with 
acceptance of a component at a subcontractor 
facility and ending with integrated vehicle check- 
out and delivery to flight test. In-process 
checkout is performed as a function of the vehicle 
major assembly build cycle. It includes structural 
integrity and cleanliness verification of the 
fluid subsystems. It also includes wire harness 
and limited subsystem functional checks to the 
extent necessary to verify correct installations 
of the subsystem elements peculiar to that major 
assembly under test. The major assemblies are 
delivered to final assembly for mating and 
integrated acceptance checkout. Acceptance 
checkout will be accomplished on the mated vehicle 
to demonstrate that the product complies with 
specifications and is capable of performing in 
conformance with contractual requirements.
Ground tests will be performed in preparation for 
the subsonic test program. These tests will 
include APU and fuel cell operations, jet engine 
runups, taxi, steering, and deceleration tests. 
Upon completion of the ground tests and ferry 
of the orbiter to the flight test station, the 
subsonic flight test program will be initiated.
The subsonic flight testing of an orbiter and 
booster will allow an evaluation to be made of 
(l) takeoff and landing, steering, and decelera- 
tion devices; (2) the low speed performance, 
handling, stability, and control characteristics; 
and (3) the non-orbital operation of the subsystems. 
Initial flight testing will be conducted with 
manual approach and landings. The development and 
optimization of the automatic landing system will 
be phased in later during the subsonic flight test 
program.
A single orbiter and booster are assigned to the 
subsonic test program, and a second orbiter and 
booster are designated primarily for mated orbital
test launches,
MATED OKBITER/BOOSTER
The mated orbiter/booster test activities are
defined as those ground and flight tests performed 
in the mated configuration, orbiter and booster 
tests performed in preparation for a mated launch, 
and flight tests of orbiter and booster individual 
elements initiated by a-mated launch. The ground 
tests include: low-frequency dynamic tests of 
the mated orbiter/booster; static firings of the
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orbiter and booster individual elements; interface 
checks of the orbiter, booster, and the mated 
configuration with the operational site facilities 
and support equipment; and prelaunch checkout of 
the orbiter and booster. The flight tests include 
those for mated launches, orbiter activities while 
performing on-orbit demonstration tests, and 
atmospheric entry of the orbiter and booster through jet engine deployment and ignition.
The ground vibration test is planned to obtain bend- 
ing and torsion modes and damping characteristics. 
It is similar to tests conducted independently on 
the booster and orbiter. The mated vehicle will 
be in the horizontal position, supported by a low- 
frequency suspension system, and will be stimulated 
by low force level inputs.
Static firing of each vertical flight test vehicle 
at the operational site is planned as a flight 
readiness demonstration of the main propulsion sub- 
system. This static firing is not unique to the 
flight test vehicle performing the first manned 
orbital launch, but is scheduled to be conducted 
once on each orbiter and booster.
Interface checks with the support equipment and 
facility at each launch site checkout area will be 
required for both the orbiter and booster. These 
areas include maintenance and repair and mating 
area's, the launch complex, and post mission safing 
areas.
Prelaunch checkout of the first orbiter and booster 
at the launch site will include subsystem tests in 
the maintenance and repair (M&R) checkout stations. 
The orbiter and booster will then be independently 
erected and relocated to the respective launch 
pads for static firing. Pre-static firing checks 
include tanking, propellant gauging calibration, 
detanking, and vehicle safing. Subsequent to 
static firing, the vehicles are returned to the 
M&R checkout area where a subsystem check is made 
to provide a pre- and post-static firing subsystem 
status comparison. An integraged subsystems test, 
including a mission simulation, will precede the 
move to the mating area where the orbiter and 
booster will be erected, mated, and readied for 
transport to the launch complex. Support equipment 
hookup and interface checks will be conducted prior 
to tanking tests, which will then be accomplished 
for the first time in the mated configuration. 
Vehicle subsystems will be verified ready for 
launch, including interface with range tracking and 
communication systems. Upon verification that all 
shuttle system elements are ready for launch, the 
countdown will be initiated.
The first launch of the mated configuration will be 
able to demonstrate booster main propulsion subsystem 
performance, orbiter/booster controllability, and 
will provide capability to verify static and dynamic 
load predictions in the areas of ignition shock, 
acoustics, and separation. Aerodynamic interference 
and boost heating parameters will be measured to 
verify analytical estimates and wind tunnel measure- 
ments . Separation performance will be evaluated 
based on sequence of events, orbiter thrust buildup 
and booster thrust decay, and separation linkage loads for nominal conditions.
The orbiter thermal protection system will be 
evaluated by exposing the TPS to an increasingly 
severe environment on each flight. This will be 
accomplished by judiciously selecting the proper 
combination of payload weight, cross-range, and 
entry trajectory.
Demonstration of missions requiring payload 
deployment will be limited on the early flights 
to payload size buildup consistent with TPS 
demonstration requirements.
The availability of the space station will also 
influence the first demonstration of docking/ 
undocking, space station/orbiter compatibility, 
and cargo and passenger transfer. Cargo deploy- 
ment will be exercised with each incremental 
increase of payload. Subsequent to payload 
deployment demonstration, satellite implacement 
and retrieval methods and techniques will be 
demonstrated. Rendezvous will be demonstrated 
with the space station, or in the event the space 
station is not yet available, with a substitute 
satellite. Other orbital tasks such as evaluating 
orbiter subsystems on-station, and deorbit will 
be satisfied on the early flights. Maximum cross- 
range capability is a primary objective which will 
be initially demonstrated during orbital testing 
with the test phase thermal protection system.
VI. OPERATIONS CONCEPT
The space shuttle system operations concept 
provides a framework for the space shuttle opera- 
tional requirements. In the formulation of this 
concept, the anticipated changes in operations as 
the program progresses toward the goal of an 
airline-type ground turnaround operation were 
included.
During the test and preoperational phases of the 
program, detailed inspection, test, and checkout 
of all vehicle systems, subsystems, structures, 
and the thermal protection system will be performed 
to gain baseline data, to permit assessment of the 
effects of exposure to the operational environment, 
and to support the flight test objectives.
Steps must be taken to reduce the inspection, 
maintenance, and checkout time required to meet 
the operational higher launch-rate requirements.
TURNAROUND MAINTENANCE OPERATIONS
Turnaround maintenance operations consist of safing, 
post flight inspection, and maintenance, and 
terminates at readiness for premate checkout. 
Although efforts will be made to minimize operations 
at the launch pad, some tasks will be required at 
the launch pad due to design and/or safety 
constraints (i.e., tank prepurge, propellant 
loading).
1. Safing
a. All tasks that are required to render the 
vehicles and hazardous payloads safe for 
subsequent maintenance will be accomplish- 
ed immediately after landing at the 
operational site and before moving the
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f.
vehicles to the maintenance areas. Included 
are such items as tank inerting and 
ordnance safing.
Post flight data will be extracted from any 
anomalous subsystem, prior to conducting 
safing functions on that system,
Subsystem integrity will "be maintained during 
all safing functions.
Personnel safety shelters will be provided 
in the safing area.
Access required for safing will not require 
structural panel removal.
Fluid ports required for safing, sampling, 
and servicing will have valving or quick 
disconnects.
2. Inspection
b.
Inspections of vehicle conditions during 
the preoperational phase of the program 
will be conducted in accordance with a 
predetermined inspection plan which pre- 
scribes the applicable inspection intervals 
(i.e., "Every Turnaround" or "Phased") 
for each vehicle subsystem. Inspections 
will be performed to determine the exact 
subsystem status on a quantitative basis. 
These inspections will be performed before 
and after each flight in order to permit 
a measurement of the effects of flight. 
Based upon a continuing analysis of the 
inspection data gathered throughout the 
preoperational phase of the program, the 
inspection intervals will be periodically 
re-evaluated and progressively expanded 
until the inspection intervals achieve a 
time frame compatible with the operational 
phase turnaround requirements.
The addition or deletion of inspection 
requirements to confirm subsystem 
performance shall be predicated on the 
continuing assessment of inspection data 
accumulated during the operational flight 
phase of the space shuttle program.
3. Maintenance
a. Maintenance plans will be initially based 
on periodic or cyclic requirements 
established by design. As data are 
gathered from inspection and checkout, etc. 
maintenance plans will be modified to 
reflect experience-based requirements.
b. Unplanned maintenance (corrective) will be 
required when discrepant conditions are 
suspected or identified.
c. Modifications will be incorporated on a
fleetwide next-turnaround basis to preclude 
unique vehicles and unique operating/check- 
out procedures.
d. Correction of problems that do not impact a 
specific mission may be partially or 
totally deferred to fit vehicle utilization 
schedules.
e. A minimum equipment list will be developed 
for each type of mission.
f. All maintenance acts that invalidate sub- 
subsystem functional integrity will 
include interface retest. Hazardous re- 
testing will be deferred to a safe area.
g. Maintenance procedures will be developed 
for each discrete task.
h. Premaintenance checkout will be performed 
using checkout software to isolate any 
faults and to grossly check system
performance.
.LAUNCH OPERATIONS
Launch operations include premate checkout, pay- 
load installation and interface verification, 
mating and erecting, transport to pad, launch 
readiness checkout, and countdown. Operations at 
the launch pad will be held to the minimum and are 
to include only tasks which, for design or safety 
reasons, cannot be accomplished in the maintenance 
area and those tasks necessary to prepare for 
launch. Flight and ground crew exposure to 
hazardous conditions will be held to the minimum. 
The vehicle will be held as nearly as practical 
in the flight configuration during all scheduled 
pad operations. The basic philosophy by category 
follows:
1. Premate Checkout
a. Detailed subsystems checkout will be 
accomplished during the preoperational 
phase of the program to thoroughly assess 
subsystem performance and gain confidence 
in the onboard.checkout systems.
b. During the operational phase the premate 
checkout will be the only detailed check- 
out during ground operations.
e, Checkout will be accomplished primarily 
by the utilization of onboard checkout 
systems. Full utilization will be made 
of inflight data results to minimize 
checkout.
d. Checkout will be accomplished at the
highest practical level permitting verifi- 
cation of all redundant and backup paths.
e. Checkout requirements will be structured 
in a manner that permits correlation with 
discrete portions of specific mission 
mode s.
2. Pay load Installation
a. The payload will be completely checked 
out and ready for flight prior to
installation.
b. Orbiter/payload interface verification 
will be performed.
c. Capability will exist to install or remove 
payload modules at the launch pad with 
the shuttle mated and in the vertical 
position.
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d. Normally, the payload will be installed 
while the orbiter is in the horizontal 
position.
3. Mating and Erection
a. Mating of the orbiter and booster will not 
commence until after completion of 
maintenance and checkout of each vehicle, 
and after orbiter payload installation has 
been completed.
b. Checkout in the mating area after mating 
will be limited to verification of the 
shuttle vehicle interfaces and shuttle- 
launcher/umbilical tower interfaces where 
verification is nonhazardous.
c. Prior to transfer to the pad, all exterior
access panels not required at the pad will
be closed out for flight.
h. Transportation to Pad
a. The mated shuttle will be transported to 
the launch pad in the vertical position.
5. Launch Readiness Checkout
a. Launch pad checkout will include the
following: pad-vehicle umbilical tower 
interface checks; checks required to 
verify readiness for propellant loading 
and launch; maintenance and retest not 
possible in the M&R or mating areas, (i.e., 
hazardous operations).
b. An integrated checkout of the servicing
systems will be accomplished with the first 
vehicle on each launch pad.
c. Vehicle checkout will be accomplished 
primarily by the onboard systems and at 
the highest practical level.
6. Countdown Preparation Requirements
a. LH2 tanks will be purged to an atmosphere 
acceptable for hydrogen loading.
b. All ordnance hookups will be accomplished.
c. Subsystems will be in condition to pick up 
precount activities.
d. Vehicle launch readiness status will be 
provided on the ground.
7. Countdown
a. Countdown will consist of applying sub- 
system power, propellant loading, personnel 
boarding, final vehicle servicing, internal 
power subsystem activation, and those 
additional tasks necessary to verify vehicle 
readiness for launch.
b. Non-time-critical vehicle subsystems will 
be powered up prior to propellant loading.
c. A single failure of a noncritical subsystem 
redundant path will not necessarily 
constitute a hold or scrub of the mission. 
The minimum equipment list will be used to 
develop the launch rules.
d. A means for ground and flight personnel 
safe and rapid egress to a safe area will 
be provided for all hazardous operations.
e. A means will be provided to automatically 
recheck all subsystems critical for launch, 
make logic decisions, and issue commands 
that are time-critical to liftoff; e.g., 
pressurization and guidance.
FLIGHT OPERATIONS
The flight operations consist of seven phases: 
mated ascent, booster entry, booster landing, 
orbiter ascent, orbital operations, orbiter entry, 
and orbiter landing. A task time line will be 
established as a result of vehicle design and 
mission planning. Based upon estimates of flight 
crew capabilities, the minimum required ground 
support level will be established.
1. Mated ascent and staging
a. Following liftoff and through completion 
of boost, flight crew active tasks will 
be minimized.
b. Staging will be automatically initiated. 
Backup and manual initiation and/or over- 
ride capability will be provided.
c. Range safety will monitor the trajectory.
d. Voice communication will be provided be- 
tween vehicles and from vehicles to ground.
e. The launch site will record telemetry data 
until loss of signals (LOS).
f. During preoperational missions, mission 
control will monitor through staging.
2. Booster Entry
a. Following separation, the booster crew
will monitor airborne-computer-controlled 
reentry and control start of the air- 
breathing engine system (ABES).
b. Mission support personnel will provide the 
initial air traffic control interface 
pending establishment of direct communica- 
tions with the vehicle.
c. Booster atmospheric flight will be conducted 
under an IFR procedure, whether in IFR or 
VFR conditions, using necessary navigational 
aids.
d. Escort aircraft will be employed during 
the preoperational missions as a primary
communications interface.
3. Booster Landing
a. An automatic landing system may be used
through main gear touchdown, either closed
loop or open loop.
b. Capability will be developed to land under 
Category II IFR.
c. The primary mode for moving to the safing 
area following landing rollout will be 
to taxi.
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d. Capability for emergency egress after
landing will exist at any point on the way 
to the safing area.
k. Orbiter Ascent
a. Mission support personnel will maintain 
communications whenever coverage permits.
to. Range safety will monitor the trajectory.
c. Preoperational flight will "be supported via 
the Manned Space Flight Network (MSFN) 
by mission control.
5. Orbital Operations
a. Mission support personnel will maintain 
communications whenever coverage permits.
b. Orbital maneuvering will be managed by on- 
board subsystems.
c. Rendezvous with passive satellites will be
aided by mission support providing the target 
state vector.
d. Rendezvous will be managed by the orbiter 
and/or payload systems.
e. Payload delivery will be monitored and 
supported by ground crews, if necessary.
f. Preoperational flights will be supported 
essentially continuously via MSFN.
g. Consumables analysis will be performed by 
mission support personnel during preopera- 
tional missions.
6. Orbiter Recovery
a. Following retrograde burn, the orbiter crew 
will monitor re-entry, and if so equipped, 
deploy and start the ABES.
b. Mission support personnel will provide the 
air traffic control interface and the 
initial interface with approach control 
pending establishment of direct communica- 
tions with the vehicle.
c. Orbiter atmospheric flight will be under 
IFR procedures, whether in IFR or VFR 
conditions, using available navigation 
aids.
7. Orbiter Landing
a. An automatic landing system will be employed 
through main gear touchdown, closed or open 
loop.
b. The primary mode for moving to the safing 
area following landing rollout will be to
taxi.
c. Capability for emergency egress after land- 
ing will exist at any point on the way to 
the safing area for the flight crew and any 
passengers.
VII. MAINTENANCE APPROACH
Turnaround maintenance operations on the booster or 
orbiter shall comprise those functions and activi- 
ties performed in the period from post mission landing
and ending at readiness for premate checkout. 
These functions and activities include post-landing 
safing and servicing, hangar operations, storage, 
and ground systems maintenance.
MINTENANCE CONCEPT
1. The maintenance concept supports the program 
objectives and the operational plan. The 
concept is directly applicable to the space 
shuttle design and support planning effort, 
and determination of design must include 
maintenance tradeoff analysis. The system 
design will consider minimum maintenance and 
ease of removal and replacement.
2. Maintenance support for both the space shuttle 
booster and orbiter, including scheduled and 
unscheduled maintenance support, will be 
performed at three levels.
a. Level I - On or at vehicle at primary 
maintenance site.
b. Level II - Off vehicle in support shops
c. Level III - Off vehicle at remote support 
sites. Requirements for 
maintenance Level III will 
be minimized.
3. The primary structure will not undergo periodic 
or scheduled overhaul. Unscheduled overhaul 
or refurbishment requirements will be generated 
as a result of detailed scheduled inspections 
using nondestructive (X-Ray, visual, etc.) 
testing procedures and equipment.
k. Inspections, replacement of time or event 
limited assemblies, periodic servicing, 
alignments, and refurbishment/modifications 
constitute the general areas of preventive 
maintenance.
5. Corrective maintenance requirements are 
determined as a result of flight data 
discrepancies, discrepancies noted during 
inspections, and discrepancies noted during 
orbiter post-flight (pre-maintenance) checkout. 
Activities include determining/isolating the 
discrepancy, replacing or repairing the faulty 
item, verifying that proper correction has been 
accomplished, and closeup/securing.
6. Corrective maintenance requirements will be 
determined by the following ordered steps:
a. Analyze flight data.
b. Perform inspection.
c. Perform required fault isolation checkout.
Each step will be augmented by its preceding 
steps if required, i.e., additional inspections 
based on inspections, etc. Tasks that do not 
degrade the integrity of this method will be 
scheduled on a discretionary basis to support 
turnaround and manpower utilization.
7- For each turnaround maintenance operation, 
total requirements will be established and 
planned for implementation by integrating 
required corrective maintenance with preventive
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maintenance requirements for the vehicle 
subsystems.
Retest will be performed to verify that the 
proper action has been accomplished. This 
functional test will ensure that all affected 
interfaces have been retested.
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